Abstract-This paper describes an effective small angle light scattering (SALS) image denoising method based on 2-D discrete wavelet decomposition. The phenomenon of small angle light scattering has been applied to giving information about transparent structures on morphology. The potential of using SALS to probe morphological changes induced by flow in polymer melts is investigated. Well-defined flow of polymer melts histories in a visual slit die are shown to result in SALS patterns that are characteristic for the morphology involved. The current study utilizes a 2-D discrete wavelet to delete noise from the original SALS image and estimate the variation trend of maximum intensity area of the scattered light. To compare the SALS denoising result, four commonly used wavelets, named haar wavelet, db2 wavelet, Coi4 and Sym5 wavelet are taken into account. It can also be observed that db2 wavelet obtain the best denoising result in the four wavelts.
Introduction
Light scattering techniques which give information on optical properties have been proven to be useful for obtaining deep insights into the molecular and structural parameters of polymers. These techniques are especially useful for polymeric systems with supermolecular structures in solutions, liquids and solids. The main advantage is that the measurement does not damage or interrupt the system [1] .
Small angle light scattering (SALS) techniques offer a number of advantages for the investigation of the nature and behavior of polymer materials. Non-intrusive characterization of the flow field of transparent film is an essential step towards an implementation of a structural control system that can regulate the structure development during processing.
Understanding the connection between applied flow fields and morphology is vital to the intelligent processing and control of polymer melts properties. The development of techniques capable of providing in situ morphological information is a key step in this understanding [2] . The purpose of this work is to demonstrate that small angle light scattering, is a viable technique for following changes in the morphology of polymer melts.
The properties of polymer blends are determined to a large extent by the morphology that is developed during the processing. As the industrial applications of polymer blends increase [3] , there is an increasing need for developing a better understanding of the relationships between melt deformation history, phase behavior and morphology development. Knowledge of these relationships is necessary for understanding the origin of the morphology produced in commercial blends processes, and it also may provide the opportunity for attaining better control of the blend morphology during processing and, perhaps, achieving unique structures and properties [4] .
Typical polymer processing procedures, e.g. extrusion or injection molding, subject the polymer blend to complicated deformations under non-isothermal conditions. The deformation field is typically heterogeneous and includes both shear and elongational strains, and it is not conducive to easy analysis, especially if one wants to know the phase behavior of a blend under stress and achieve a cause-and-effect understanding of how structure develops. Studies involving well-controlled deformations, e.g. simple shear, are much easier to accomplish, and although such deformations oversimplify an actual melt processing operation, they do provide a basis for developing an understanding of the more complicated flows [4] .
Recently the problem of SALS image denoising has received attention. We propose that 2-D wavelet decompositon algorithms can be used to perform SALS image denoising. Consequently, a variety of new image denoising techniques becomes available. Fei Shi, Selesnick, I.W., and Shihua Cai examine the sharpening of natural images using an algorithm for image denoising with oriented complex 2D wavelets [5] . The method of wavelet thresholding based on image denoising is presented in paper [6] . An image contaminated by white noise is decomposed in a separable two-dimensional wavelet basis. A wavelet thresholding algorithm which is well adapted to suppressing noise from a non-textured image is introduced to produce a better image quality with a higher SNR. Chaux, C., Duval L., Benazza-Benyahia A., and Pesquet J.-C. [7] propose a new estimator for image denoising using a 2D dual-tree Mband wavelet transform. Our work extends existing blockbased wavelet thresholding methods by exploiting simultaneously coefficients in the two M-band wavelet trees. The contributions of this paper are two-fold. Firstly, we perform a statistical analysis of the noise in the considered redundant decomposition. Secondly, we propose an efficient National Conference on Information Technology and Computer Science (CITCS 2012) method to remove the noise. Their approach relies on an extension of Stein's formula which allows us to take into account the specific correlations of the noise components. Simulation results are then presented to validate the proposed method.
Wavelet analysis （ WA ） is typically suited in applications where data contains both large and small scales of variation, such as small angle light image. We presented a new technique that can be used to analysis the structural information of transparent film on-line and non-intrusively while the material is processing. The technique is based on SALS, optical signal real-time analysis software and wavelet transform method. It is shown that the proposed technique is easy to implement and provides more flexibility approximating the relation between the intensity image and the corresponding variation time. Applying this method to analyze structural information of transparent film will be of great interest, since it will contribute information on optical prosperities have been proven to be useful for obtaining deep insights into the molecular and structural parameters of transparent film. In our experiments, the SALS image is de-noised by 2-D wavelet decomposition. The variation trend of the SALS image becomes clear and the exceptional SALS image can be accurately detected by wavelet decomposition [8] .
In this paper, the results from a measurement technique are investigated. The method will be evaluated on the basis of light scattering measurements for a small range of scattering angles. These measurements have been taken with a fast CCD line scan camera and appropriate optics. An attempt is made to derive information from these measurements only. The purpose of the present work is to apply optical image technique to characterization the structural informal of transparent film. 2-D discrete wavelet decomposition technique is used to denoise the small angle light scattering image.
I. THEORETICAL BACKGROUND FOR SALS
When a light beam passes through a diffusion surface, the variation of propagation direction of the beam can not be determined by the principle of geometrical optics because of scattering function of light beams on diffusion surface [9] .
A transparent fluid is an optical phase object. In the experimental set-up for measuring flow fields in fluid flows by using speckle interferometry, the part of the arrangement for the object light beam is just like a subjective photographic system. Therefore, in general, speckle displacements are generated. The speckle displacements can change the intensity distribution of spatial speckle fields. As a result, the intensity distribution of a speckle interferogram is also changed. In this paper the effect of variation of the intensity is analyzed and discussed in detail. Experimental results are shown. Methods for elimination of the multiple scattering effect are provided. This is advantageous to improve the quality of the speckle interferogram [10] .
In our experiments, device performs real-time image analysis of the evolving light scattering signal. The experimental device incorporates a He-Ne laser generator, optics, a CCD camera, and a personal computer as its major hardware components. Software designed specifically for this application performs real time analysis of the light scattering pattern. Intensities at various scattering and azimuthal angles are plotted at each time [11] .
A laser light passes through polymer melts in the visual slit die. A polarizer and an analyzer are placed before and after the polymer melts. The laser light first passes the polarizer, which removes one orthogonal component of the light [12] . The other component of light passes through the polymer melts with resulting scattering due to the orientation of molecular chain. The analyzer removes the second component since it is placed out of phase with respect to the analyzer. Therefore, any light that comes out of the analyzer is entirely due to the scattering within the polymer melts. The depolarized intensity of light that passes through the polarizer, polymer melts and analyzer is recorded and related to the orientation of polymer melts. A CCD camera captures the image and the total intensity of the image is determined in every 5 s.
According to the effect of the sample on the incident light, the sample can be divided into a surface layer, a first scattering layer, a second scattering layer, etc. The incident light first impinges on the surface of the sample the first scattering layer (random reflection) of the medium. The second one comes from the first scattering layer (because of the internal heterogeneity) and third in turn [1] .
It is assumed that there is no energy loss accompanying the scattering and that the scattering medium is sphere symmetric. Debye and Bueche 2 applied statistical theory to heterogeneous solid scattering and proposed that, in the range of small scattering angles, the scattering light is described by (3) and integrating, we can obtain correlation distance as follows:
The parameter describes the distance the heterogeneity expands in the scattering medium, and is the intensity of heterogeneity of the scattering object [1] .
II. 2-D WAVELET DECOMPOSITION FOR SALS IMAGE
The mathematics of the wavelet transform were extensively studied and can be referred in papers [13] and [14] . The multiresolution analysis was introduced by Mallat and a detailed study about MRA can be found in [15] .
Basically, a wavelet is a function with a zero average
The continuous wavelet transform (CWT) of a signal is then defined as In a practical application, we will use the discrete wavelet transform (DWT) instead of the CWT. This is implemented by ( ) ( ) 2 (2 )
There are some important properties of these filters 
Filter ( ) g n is an alternating flip of the filter ( ) h n , which means there is an odd integer N such that
III. EXPERIMENTAL RSULTS Fig.1 The values of NSNR under different noise levels
The 2-D DWT of a 2-D signal can be implemented by using the 1-D DWT in a separable fashion. At each level of decomposition (or reconstruction), the 1-D forward DWT (or inverse DWT) is first applied to every column of the resulting data.
An import issue related to the proposed DWT method is the choice of a suitable wavelet. To compare the SALS denoising result, four commonly used wavelets, named haar wavelet, db2 wavelet, Coi4 and Sym5 wavelet are taken into account.
The values of NSNR under differ rent kind of wavelet were listed in Fig. 1 . It can also be observed that db2 wavelet obtain the best denoising result in the four wavelts.
Denoising results of SALS image obtained by DWT method were shown in Fig. 2 . It is easily to see that the noise has been effectively reduced and the visual effect has been highly enhanced compared with the corresponding noise versions. We choose Db2 wavelet and scan the decomposition levels from 1 to 8. As we can see from Fig. 3 , When the decomposition level is equal to 5, we can achieve the best SALS image deniosing result. Fig.3 Deniosing result of scan the decomposition levels from 1 to 8 by using db2 wavelet
IV. CONCLUSIONS
The present work results in an effective technique for denoising SALS image based on discrete wavelet decomposition. The analysis of specific features of the SALS pattern provides an accurate technique for extracting information from these patterns which can characterize the flow field of polymer melts. 2-D DWT was performed to get denoised SALS image. The current study utilizes a 2-D discrete wavelet to delete noise from the original SALS image and estimate the variation trend of maximum intensity area of the scattered light. So the system brought the qualitative analysis of the structural information of transparent film success. We choose Db2 wavelet and scan the decomposition levels from 1 to 8. When the decomposition level is equal to 5, we can achieve the best SALS image deniosing result.
